The purpose of this study was to propose a building energy management process, verify the proposed model by applying energy management techniques in a real office building, and develop an empirical approach for predicting building energy use with regression analysis. This study proposed the four major energy management steps: energy audit, energy analysis, identifying and evaluating the energy saving opportunities, and retrofit implementation and follow-through. For the prediction of energy use, simple regression models were developed based on historical energy consumption data as a function of daily outside temperatures, while the predicting equations were derived for different operational modes and day types. By selecting a real building as a case study, the feasibilities of the building energy management process and the empirical approach for predicting building energy use have been examined. Keywords: energy management; process model; regression analysis; empirical method
Introduction
Building energy management involves several management steps which are identically applied to all buildings, however the details vary according to the building types. Predicting building energy use means calculating the needed energy consumption or the required energy use in a given period in order to maintain an indoor environment appropriate to the function of a building. These calculations are an important element for the evaluation of building energy performance.
Usually, facility managers determine building energy consumption peculiarities or analyze the consumption patterns by auditing and measuring building energy use, and they not only make use of the results as a means of building energy performance evaluation but also continuously try to save energy in buildings by predicting energy use in advance, finding out the components of abnormal energy consumption or waste of energy, and positively refl ecting them in building operation.
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Accordingly, the purposes of this study were to propose a comprehensive energy management process and to develop an energy use prediction technique in an office building. This study has been conducted as follows: a building energy management process was defi ned, a subject building was selected, and the proposed energy management technique was validated through a real application in an offi ce building.
Also, a technique for predicting building energy use *Contact Author: Seung-Bok Leigh, Professor, Department of Architecture, Yonsei University, 134 Shinchon-dong, Seodaemun-gu, Seoul, Korea Tel: +82-2-2123-5782, Fax: +82-2-365-4668 e-mail: sbleigh@yonsei.ac.kr (Received May 6, 2004; accepted May 16, 2005) through regression analysis of an empirical approach was developed. By applying this to predict the energy use of an existing building, a real building was chosen, data were collected, and the results were examined through the energy management process.
Building Energy Management Process 2.1 Steps and fl ow of the process model
The building energy management process is composed of four major steps, and the unit work in each step is composed of a main process and various input and output information.
The 4-step process of building energy management establishes the purposes of the project according to the time flow consisting of the following steps: the building energy audit step, in which the architectural design, building services and operational peculiarities of a subject building are audited; the building energy analysis step, in which energy saving opportunities are drawn through the analysis based on the audited data; the energy savings opportunity evaluation and decision of retrofit priority step, in which the energy saving opportunities are evaluated from diverse viewpoints and the retrofi t priority is determined; the retrofi t and follow-through step, in which the building is retrofi tted according to the determined retrofit priority and the retrofi tted building is managed for its optimum energy performance. Here, the detailed processes of the unit work of inputting the necessary information according to the contents and outputting the proper information based on the input, complete the whole process. At this time, the input-output information is prepared by feeding back the newly collected information and the output drawn from the previous work.
Because each detailed process is logically connected and the outcome from a previous step greatly infl uences the next step, the process should be carried out synthetically and in an orderly manner according to the time and work fl ow, and to enhance the correctness and credibility of the overall work, each unit work should be carried out in balance with the others. Also, since the output information itself can be very useful for building energy management, it should be systematically arranged.
Building energy audit
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The fi rst step in the building energy audit process is to collect all the available information regarding the energy systems and energy use patterns of the building, and then divide it into walk-through audit and detailed audit. In the walk-through audit, by investigating the general operation and management conditions, the patterns of energy use, the indoor environment status, and the general conditions of a building through interviews with the building manager and users, the building becomes familiar, its energy performance can be predicted, and its occupants' comfort level assessed.
In the detailed audit, various data relating to building energy performance are thoroughly collected from all kinds of drawings, records and on-site visits, by surveying the indoor environmental conditions, the weather data, the general information of the building, the outdoor conditions, building envelope, structures and conditions of the rooms, equipment properties and operation schedules, energy use and so on to understand the features of building energy use, peak demand and energy cost.
Building energy analysis
In this step, various analyses concerning the building energy are made to evaluate the saving opportunities exactly. It is the step in which the energy performance data collected in the energy audit step is enlarged. In this step, detailed and exact information affecting building energy performance such as weather effect, building operation and their patterns of energy use, energy cost, as well as overall energy use is necessary, as is the ability to mathematically quantify and analyze the information of the equipment effi ciencies and the system responses and building operations.
Evaluating the opportunities
In this step, the energy saving opportunities drawn in the energy analysis step are evaluated, and the priority of the retrofit is determined based on the evaluation. This step includes the evaluation of savings opportunity, identification of the final inventory and examination process. In the savings opportunity evaluation process, comparative priority of the saving opportunities is drawn through the sensitivity and life-cycle cost analyses, the saving opportunities are again evaluated in the last inventory and examination process, and it systematically arranges and ultimately determines the priority for retrofi t.
Retrofi t and follow-through
The main purpose of this step is to continuously maintain the building so that the improved functions and energy performance can continue stably after the retrofi t. The retrofi t process includes the manual preparation for the successful retrofit according to the drawings, the specifi cations, and the operation and use of the building after the retrofit; the follow-through process includes a performance check to confirm if the retrofits were made according to the manuals, the work of effectively managing and maintaining the energy savings after the retrofits, and of monitoring the building regularly and continuously to maintain maximum energy performance.
Application of Management Process Model 3.1 Synopsis of the Building
This study examined the validity of efficient energy management in a subject building by applying the proposed management process model to a real building. The K-building in Seoul was selected as the subject building. The building stands with its long side facing north and south, and its entrance, located at the southeast side of the building, stands on a main street. The building is nine stories above the ground, fi ve stories are used for offi ce rental, three stories are used by a training institute, and the top fl oor contains mechanical equipment and a water tank room.
The K-building synopsis is shown in Fig.1 
Energy audit of the K-building
For the energy audit of the subject building, fi rst, a walk-through survey of the building was carried out. Using a worksheet for walk-through audit prepared in advance, general information about the operation and management of the building and the system, onsite conditions, the building envelope, lighting on each fl oor, ventilation, cooling and heating conditions, and other general patterns of energy use were investigated. Second, a detailed audit was conducted to collect the necessary information for the building energy analysis using a simulation program based on the information obtained from drawings and on-site survey.
Also, historical data regarding energy consumption were used to understand the overall energy performance o f K -b u i l d i n g a n d a n a l y z e t h e i m p r o v e m e n t opportunities. The energy source types used in K-building were divided into electricity and LNG.
Electricity consumption accounts for 43.2% of the whole energy consumption and LNG 56.8%. Dividing consumption again by end uses, electricity is used as energy source for parking equipment, elevators, HVAC and other power plants; LNG is used as energy source for cooling and heating, hot water, and cooking.
Among them, cooling and heating use the most energy, occupying 45.5% of the total energy consumption, while the others come in the following order: power plants 25.7%, lighting appliances 17.5%, cooking 6.7%, and hot water 4.6%.
Energy performance analysis of K-building
The energy performance of K-building was analyzed using the DOE-2.1E building energy simulation program. First, the base-case model was prepared, establishing the year 1996 as the base year and relevant weather data file for the DOE-2.1E simulation, to calculate the energy consumption and compare the results with actual consumption data. In both electricity and LNG, the errors between the simulation values of the base-case model and actual energy use in the building were shown to be less than 10%, confi rming that the base-case model had been drawn up properly for numerous parametric studies for further analyses.
The load peculiarities of K-building were examined based on the simulation results of the base-case model. The maximum cooling load occurred at 5 p.m. on August 1 st , and the order of components influencing the cooling load was as follows: infiltration, solar radiation, conduction through windows, lighting, and internal heat gain from occupants.
The component ratio of the maximum cooling load is shown in Fig.2 .
On the other hand, the maximum heating load occurred at 7 a.m. on December 1 st . In the case of maximum heating load, the order of the components influencing the load was as follows: infi ltration, conduction through windows, and conduction through walls. Fig.3 . shows the component ratio of the maximum heating load.
Also, the degree of infl uence that each load component had on the energy consumption was evaluated through sensitivity analysis using the base-case model. The energy saving opportunities were then identified based on the relative importance of each load component infl uencing the energy consumption. Thus, the opportunities for improving the energy performance could have been identified through the analysis of energy audit data and the calculated energy consumption data from DOE-2.1E simulation. Table 2 . shows the relationship between load components and energy consumption in the building; the numbers are the relative percentages of total energy consumption in the building and the shaded parts identify the top-3 components that have the most infl uence on energy consumption in the space categories.
In Table 2 ., it is shown that the building envelope does not effect electricity consumption much, however, it does have a big influence on LNG consumption, which is mostly infl uenced by windows and infi ltration. Therefore, it is found that windows and infiltration mainly influence the heating and cooling energy consumption, and accordingly the LNG consumption.
Regarding the internal heat gain and electricity consumption, there are 5 top-3 items, and all of them are related to lighting. Consequently, lighting signifi cantly infl uences the electricity consumption.
Concerning LNG, there are only 2 top-3 items and all of them come from the occupants. From this fact, it can be said that sensible and latent heat from the occupants signifi cantly infl uences the cooling energy consumption.
In the case of outdoor air, all the items are within the top-3 regarding LNG consumption. Therefore, it The transport equipment, the fan, the pump and the cooling tower also significantly influence electricity consumption.
Evaluating the energy saving opportunities
The K-building is relatively new, only 3 years old, and its energy consumption per unit area is generally less than that of other existing buildings. The selected retrofi t plans were drawn up through partial renovation plans or new operation method of the service systems. The building and the service components of the retrofi t plans were arranged based on the results of energy audits and measurement of indoor conditions, and are shown in Tables 3 and 4 
Priority decision for retrofi ts
The energy saving opportunities of the performance retrofit plans shown above were analyzed through DOE-2.1E computer simulation. As the building components of the retrofit plans were applied for the simulation, 6 strategies were selected relating to infi ltration, shading and lighting.
For the service components of the retrofit plans, 6 strategies were chosen relating to the existing VAV system and its control. In the case of the building components, the results were not so good since changes in building configuration are not possible in existing buildings and retrofit is restricted to partial replacement only, however, they were generally effective in LNG savings. In terms of lighting, the electricity saving was very effective, by accompanying reduction in heating loads leading to energy saving opportunities for LNG.
Energy savings by service components were excellent considering the investment cost and effort for retrofi t, however, careful consideration will be needed in conducting a computer simulation or in actual retrofi t because its effect is very complex.
The simulation results of the anticipated energy saving effects on the building are shown in Table 5 . However, the anticipated energy savings are not very meaningful in real application because the energy performance of K-building is generally excellent to begin with, and the possible energy savings through its Table 2 . Load Components and Energy Consumption in Space partial retrofi t are, therefore, much smaller than that of other buildings that consume much more energy. Nevertheless, these results are expected to be used as a reference in helping in the decision-making process concerning building energy management, by enabling calculation of the energy saving differences according to the retrofi t plans, and establishment of retrofi t priorities.
Retrofi t and follow-through
B e c a u s e t h e K -b u i l d i n g d i d n o t u n d e rg o a retrofitting, the effects of such retrofit and followthrough cannot be judged.
It is expected, however, that a study regarding this will be carried out in the future, that more results will be produced, and that these cases will become source data.
An Empirical Approach by Regression Analysis
Engineering calculation needs a lot of time and effort because preparing the input data is very diffi cult and the analysis process is complicated.4) A new approach therefore, which can act as a substitute and draw credible results, the input-output of which is relatively easy, is required. In this section, a prediction method with simple regression analysis was used as an empirical approach for predicting K-building energy use. The cooling and heating energy consumption of a building has close correlations with the thermal characteristics of a building, the use and operation modes of that building and the outside weather conditions. Therefore, if the change of daily outside air mean temperature is taken as an independent variable, it shows a constant correlation with daily energy consumption according to the types of building use. Here, the empirical approach is meant to be a technique that can predict the building energy use based on those types after drawing a linear correlation or functional relation between the independent and dependent variables by using the simple regression analysis model based on past building management records or its energy use data. At this time, to minimize the difference between the actual energy consumption data and the predicted value by the regression analysis, correlation coefficients are derived and used. When the absolute value of the correlation coeffi cient is less than 0.2, it means there is no correlation and it can be ignored; when the absolute value is 0.4 or less, it means weak correlation; and when the absolute value is 0.6 or more, it means strong correlation.
5)

Application of regression analysis
As a building is composed of complicated systems, it is difficult to predict its performance exactly. To analyze building performance and enhance the correctness of prediction, base-case models should be developed through reasonable hypotheses, while comparative analyses of actual use should be continuously executed. Here, the influence of energy use factors removed through rational hypothesis are judged to be negligible when the structural aspects of the base-case model are considered. 6) (1) External variable selection In the application of the regression analysis technique for building energy performance analysis, the first step is to select the factor having the maximum influence among the building energy consumption factors. For this, the correctness of data and the degree of difficulty in collecting them, as well as their influence should be considered at the same time. In this study, assuming that external variables such as wind velocity and solar radiation are relatively less important, but that temperature has the maximum infl uence, only daily mean outdoor air temperature was selected as the independent variable.
(2) Removal of Outlier The regression analysis, a kind of statistical analysis technique, can compare the correctness of analyses by utilizing the least square method; The least square method assumes a regression equation in which the sum of the squares of the differences (residuals) between actual values and values predicted by the regression equation becomes the least, which becomes the base-case for determining the exactness of a predicting equation.
At this time, the bigger the number of the actual value becomes, the more exact the prediction becomes. If this actual value is abnormal, it may lower the exactness of the regression equation; it is called "outlier" and can be excluded.7) In other words, it is assumed that the special energy use resulting from changes in building use or exceptional building operations will not be considered. In the evaluation step, the outlier's infl uence is evaluated by confirming it. Accordingly, the followings were excluded in this study: weekdays or Saturdays without energy use and days with abnormal energy use due to repairs or test operations of the system.
(3) Internal variable selection In addition to external variables, internal variables also influence building energy use. There is no energy use on Sundays when the building is not used, even if the outdoor air temperature becomes very high or low. Therefore, the building occupancy types according to weekdays, Saturdays and Sundays/holidays that most significantly influence the building energy use based on occupancy schedule, machinery use schedule and other variables, were considered together with the building energy use in relation to the daily mean outside air temperature. Accordingly, considering that building energy use primarily has a correlation with the outdoor air temperature and secondarily with the day-types, the predicting equations for electricity and LNG use have been derived separately for the heating period, the cooling period, and the mid-term period by (1) establishing the daily mean outdoor air temperature and the building energy use data for electricity and LNG of the year 1996 as the independent and the dependent variables, (2) dividing the week into weekdays, Saturdays and Sundays/ holidays, and (3) executing the simple regression analysis. By using these equations, the building energy use of the year 1997 was predicted. 8) Here, in the case of LNG, only the energy used in the heating and cooling system and hot water was considered. (The energy use in cooking was excluded.)
Predicting equations by operational modes
After dividing the year into the heating, cooling and midterm periods in consideration of the energy use modes by day-types of the week, the predicting equations were drawn separately for the heating, cooling, and mid-term periods. At this time, to fi nd out the operational modes of heating, cooling and mid-term periods, the balance point temperatures, which are the outside air temperatures when the heating and/or cooling starts, become fixed, and the interval between the balance point temperatures of heating and cooling is assumed to be the temperature of the mid-term period. The mid-term period was determined through the following process. 9) (1) Determining the mid-term period To determine the mid-term period, the temperatures that begin heating and/or cooling should be set. Here, the trial and error technique is needed to some degree, and in this study, by establishing 6°C as the mid-term range based on the graph analyzed above, and adjusting the balance point temperatures at an interval of 1°C, the equations were drawn through the least square method. Here, some assumptions are needed due to the technical nature of the subject: it is not permitted that the straight-line slope of the cooling term be negative (-) or that of the heating term be positive (+). This restriction does not apply to the mid-term period.
(2) Setting up the balance point temperatures In this study, through the above process, the temperature at which the correlation coeffi cient (R value) becomes the maximum is found based on the trial and error technique, changing the balance point temperature several times, and fi nally the balance point temperatures for heating and cooling are established. Consequently, 20°C (x intercept of predicting equation for the cooling period) and 13°C (x intercept of predicting equation for the heating period) were differently fi xed as the balance point temperatures of the heating and cooling (Table.6 ).
Here, another assumption is necessary: it is supposed that the electricity use also changes on the basis of 20°C and 13°C just as the LNG use does. Heating and cooling infl uence the electricity use, but do not show the defi nite relationship that LNG use does because of its base load such as lights and machinery. However, because light and machinery show relatively constant load patterns throughout the year, plant power use due to the heating and cooling system operation, leads to the increasing trend of electricity use for defined operational modes of heating, cooling and mid-term periods.
In Fig.4 ., the predicting equations for LNG use drawn through this process are seen separately by operational modes on weekdays.
In the case of Saturdays, only the predicting equations of the heating and cooling periods were drawn; the predicting equations of the mid-term for Saturdays were excepted because there was no LNG use. Likewise, in the case of Sundays, the predicting equations of the mid-term were excluded because there was no LNG use, except for test operations and/or repairs regardless of the outdoor air temperature. Since electricity always showed basic level energy consumption due to the power requirement of lighting, machinery etc, its predicting equations for Sundays and holidays could be drawn.
The predicting equations of LNG and electricity use by occupancy patterns and building operational modes are shown in Tables 7 and 8 
Prediction of Energy Use
By applying the daily mean outside air temperature drawn from the 1997 weather data to the 14 predicting equations, derived based on occupancy patterns and operational modes, the energy use of the year 1997 was predicted.
The results shown in Fig.5 . indicate that the LNG and electricity consumption estimated as a function of the outside temperature by using the predicting equations; in the case of electricity, it is spread somewhat wider compared to the actual consumption, and the electricity consumption is somewhat under-estimated. The monthly comparison of LNG and electricity use prediction with the actual consumption data for the year 1997 are shown in Fig.6 . The results show that predicting equations estimated the monthly LNG and electricity use fairly closely to the actual consumption data with a mean error of less than 10%.
In the case of electricity, however, the predicted value appeared to be less than the actual consumption. As previously stated, this is due to the fact that the electricity consumption, especially the basic level of electricity consumption in 1997, increased compared to that of 1996. Taking into consideration the fact that LNG consumption did not increase compared to that of the previous year, the increase in electricity is assumed to come not from consumption in relation to the changing outdoor air temperature but from a general increase in basic demand for electricity.
Conclusions
This study, as a technique enabling comprehensive energy planning and management for an office building, proposes a 4-step building energy management process model. Through the actual application of the process model, energy performance retrofit plans were drawn up for the subject building, and energy saving opportunities evaluated. The results were based on a computer simulation, so more careful attention would need to be paid before applying the results to a real project. Therefore, in the future, the priority of applicable retrofit plans is expected to be determined after additional validity analyses and economical effi ciency evaluations have been carried out, by collecting more concrete cases and related data for energy retrofi ts.
Building energy use prediction using regression analysis, when compared with the engineering approach such as DOE-2, is evaluated to be simple, relatively good and reasonable. Therefore, the possibility of its being used as a means of building energy performance evaluation in the future is judged to be very high. In carrying out building energy retrofit especially, this technique can be used to analyze the actual energy savings after the retrofi t. 10) In addition, by analyzing the patterns of energy use on the basis of data not only from one year but from several years, more accurate predictions of building energy consumption will be possible.
The simplicity and exactness of the application is not withstanding, the following defects are also seen: if there are no consumption data following a real retrofi t, it is impossible to make a comparison, and the application' s dependence on only a few variables in predicting energy use limits it in making fl exible predictions.
In addition, because the building energy use prediction technique is based on the existing energy consumption data of a specified building, it has the following limitations: the technique cannot be generalized and applied to all buildings, and in the case of energy performance improvement by retrofi tting, supplemental regression equations must be developed continuously.
